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Abstract.  
An experimental work sampling study was performed using newly available technology in order to determine the allowance time 
of the task in the workday. In this study, heart rate measuring equipment was used on workers performing their activities during 
the work period while in parallel a traditional wok sampling study was performed. With this research it is possible to define a 
person’s load work range (light, moderate and heavy) according to heart rate vs. activity performed, and on that basis, to 
determine the task allowance percentage. This proposed work sampling study method has better results for dynamic tasks, in 
other words when the operations require the entire body and/or walking.    
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1. Introduction 
Work sampling is very useful for the study of: non repetitive activities or when the work method is nonspecific, 
and the cycle times are long. It allows “by means of statistical sampling with random observations to determine the 
percentage of appearance of a certain activity” [1]. Work sampling arose in the Thirties, by L.H. Tippett, in the 
English textile industry. In 1952 C.L. Brisley and H.L. Waddell presented them in the United States;  they were very 
opportune as in that time more attention was placed on indirect manual labor where it became very useful [2]. At 
present, the time required to carry out the work sampling depends on the necessities of the study and can vary 
between hours or days to determine the percentage of time and intensity in which each activity is performed during 
the work day. The purpose of this research is to propose work sampling based on worker heart rate with the objective 
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of identifying the level of performed worker activities in order to determine the percentage of allowance time. This 
method releases the engineer from conducting the sampling rounds and establishes a base for allowance time 
percentage definition of must be to use when determining the standard time. 
 Allowance is one of the main coefficients for standard time calculation. It is intended that the worker must 
maintain their rate of work at 100% all day. This is usually determined by existing tables such as those by the OIT 
[3], AHMSA [4], Konz [5], etc. The allowance percentage is obtained from the sum of factors which are obtained 
according to the performed task conditions. In this research based on heart rate, this value was calculated as a whole, 
as it includes the complete work station environment during the work day. 
For this proposed method, the worker needs to be in constant movement or making cyclical activities. 
Exceedingly passive works are not apt to be measurement with the heart rate, due to them not having much variation 
in their heart rate. Furthermore, work sampling has not undergone any change in its methodology nor has it 
incorporated technology for the development of the study. In addition, this methodology can be use for dangerous 
operations or in tasks that are made over a large area without exposing the analyst. 
2. Methodology 
A Sunnto Smart Belt® system was used to measure the worker heart rate, placed in the chest of the person. This 
did not represent any discomfort or obstacle to the worker while performing normal activities. The value of the heart 
rate is recorded in memory of the belt during the work day. Later by means of the system software the information 
stored is recovered. The methodology develops during the research consists of seven steps that are described as 
follow. 
2.1. Study Information Collection  
First, the general data of the task to study is obtained such as: breakdown of the task and understanding of the 
process activities to be monitor, to identify the tools and equipment used, periods of work and rest, units produced in 
previous periods, present efficiency of the involved workstations, and identification of the worker. With the purpose 
of providing a good interpretation and performing the study 
2.2. Work Sampling Study 
The study starts when the person is fitted with the Smart Belt, from that moment recording of the heart rate begins 
and in parallel a traditional work sampling is made, taking data either at fixed intervals or at random. The Belt 
records the heart rate in 5 seconds intervals. For the parallel traditional method, the sampling was performed with a 
5-minute lap period during three workdays. 
2.3. Heart Rate vs. Activities Relation 
The heart rate values in the memory of the Belt are recovered and related to the specific time and detected 
activities from the parallel traditional sampling. The values of the heart rate of each activity are categorized and their 
average is calculated. Table 1 presents a partial extract from the corresponding traditional work sampling study of a 
carpenter´s task with matching heart rate. 
2.4. Statistical Analysis 
All Statistical analysis was made with the MINITAB® software. First, a box diagram was constructed to see the 
behavior of each activity and its respective average. Table 2 shows the heart rate averages for the work day main 
activities during and the Fig. 2 shows the corresponding boxplot. When a regular ANOVA is executed, the data must 
fulfill the basic assumptions of the general model that are: the independence and the randomness of the data, 
constant variance, and normality of the data. In this investigation the dates are auto correlated, and the assumption of 
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independence in a regular ANOVA are not fulfilled, because when sampling, the observations are taken sequentially 
over time or space, and for that reason an analysis of variance (ANOVA) for auto correlated data was done [6]. 
2.5. Classification of  Job Severity 
In order define in this investigation the level of activities into light, moderate and heavy classifications, the basis 
was taken as the heart rate proposed by Astrand and Rhodahl [6] of study in 1977, where they defined and 
established a classification of activities according to the severity of the job. Table 4 shows the values of oxygen and 
energy consumption and heart rate for each activity level from Astrand and Rhodahl [6]. 
2.6. Allowance 
According to the AHMSA manual [4] the overall allowance percentage is totalized and grouped in four ranks 
3. Results 
When a regular ANOVA is executed, the data must fulfill the basic assumptions of the general model that are: the 
independence and the randomness of the data, constant variance, and normality of the data. In this investigation the 
dates are auto correlated, and the assumption of independence in a regular ANOVA are not fulfilled, because when 
sampling, the observations are taken sequentially over time or space, and for that reason an analysis of variance 
(ANOVA) for auto correlated data was done [7]. 
An auto-correlated model was used to analyze the information. A time series was used that follows an order 
model autoregressive p, AR (p) in order to correct the deficiency in the assumptions. Particularly a variable of lag in 
the first order model was introduced (1). 
 
       ittiiit yy HEWP   )1( For i=1,…a  y t=1,…,T                                                                                                                                                                                (1) 
 
β = coefficient of auto regression with one period lag;  
εit = the error of the observation of the ith treatment in period t. 
 
The assumptions of the model are that  εit a iid N(0, V2). 
 
Table 1. Partial Extract from a Traditional Work Sampling with Matching Heart Rate for a Carpenter´s Task  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Work Sampling 
Made: AIG                                              Date: 15-April-14 
Task: Carpenter                                      Age: 41 years 
Name: Juan                                            Weight: 90 kg 
Time Activity Heart Rate 
8:30 Wear the safety equipment 70 
8:35 Cutting wood with machine 91 
8:40 Joining cuts on wooden base 85 
8:45 Joining cuts on wooden base 85 
8:50 Inactive 75 
8:55 Cutting wood with machine 87 
9:00 Cutting wood with machine 83 
9:05 Sharpening tool 99 
9:10 Filling the container with glue 83 
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Table 2.  Averages of Heart Rate of each Activity 
Code Activity Average 
Heart rate 
CH Change machine tool 90.50 
CM Go buy wood 79.32 
CMAD Carry wood walking 88.71 
D Breakfast 89.41 
ECM Joining cuts on wooden base 90.70 
HM Measure 86.47 
HPT To drill with drill 91.80 
I Inactive 83.20 
PMML Wood sanding machine 102.10 
PMMS Cutting wood with machine 85.65 
PMT Grooving machine 89.00 
PP To glue wood slots 83.80 
PS Placing vise 113.60 
                                                                       Fig. 2 Boxplot by Activity vs. Heart Rate 
If the assumption is fulfilled, then the estimators determined by the method of ordinary least squares are unbiased 
but consistent. The steps to analyze the auto correlated model are:  
 
a) Verification of the partial auto correlation 
 
In order to show the partial autocorrelation of the data collected in the sampling, we analyzed the data in the 
MINITAB® software. Fig. 3 shows a graphic of the partial autocorrelation for the heart rate with the Lag 1 
corresponding to 0.6 which is highly correlated. 
With the intention of eliminate the autocorrelation of the heart rate, a variable of delay (Lag) was put at the 
beginning of each activity; this is shows in the Table 3. This delay variable was taken to analyze the partial 
autocorrelation to see if it fulfilled with the basic assumptions of data normality of and variances equality for the 
General Linear Model. 
 
Table 3. Variable of Delay in Each Activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 3 Partial Autocorrelation Function for the Heart Rate 
 
 
Activity Heart rate Lag 1 
CMAD 92 - 
CMAD 89 92 
CMAD 92 89 
CMAD 93 92 
CMAD 85 93 
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CMAD 80 90 
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D 86 88 
D 85 86 
D 85 85 
D 80 85 
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b) General linear model 
 
Using the data collected in the work sampling analysis of variance (ANOVA) was generated for a general linear 
model using MINITAB® (Fig. 4), with a called variable of Lag 1, to verify the effect of the treatments and prove the 
following hypotheses: H0:  μ1= μ 2 = μ3 = μn ; H1: At least one pair of heart rate means is differ. 
 H0 is rejected if p-value < α; and in this investigation the level of significance (α) is equal to 0.05. Table 3 shows 
an example ANOVA; where the value p-estimated obtained were for the effects of the treatments: Lag 1 variable and 
activity at 0.009 and 0.000, respectively. Both treatments are significance <0.05. In this case, there is insufficient 
evidence demonstrating that the means are equal, therefore H0 is rejected. 
 
i) Verification of normality assumption. 
 
First, a test of Anderson - Darling, was conducted to verify if the data presents a normal distribution, with the 
following hypotheses:  H0: Heart rate residuals of data is normally distributed; H1: Heart rate residual of data do not 
present a normal distribution. 
Fig. 5 presents the Anderson-Darling test of normality with MINITAB®; the value p-estimates obtained was 
0.964, much greater than α=0.05. In this case there is not sufficient evidence to reject H0 and the data is considered 
to have a normal distribution.  
 
ii) Verification of equal variance assumption. 
 
The second needed assumption to verify is the equality of variances. MINITAB® was used to test the equality of 
variances with Bartlettˊs criterion to check the followings hypotheses: H0: The variances of the activities are equal; 
H1: The variances of the activities are different.  
 
 
Fig. 4 General Linear Model with a Variable Lag 1. 
The Fig. 6 shows the test of equal variances for residuals where p is 0.009<0.05. Therefore, there is not suficient 
evidence to say that the variances are equals. Table 5 groups the job severities according to the criterion of Astrand 
and Rhodahl for carpenter studied. Once the carpenter activities were identified, a comparison was made between 
the job severities from the traditional work sampling study against the measured activity heart rate. Table 6 shows a 
section of the instances of one activity. 
 
General Linear Model: Heart Rate versus ACTIVITY  
 
Factor     Type    Levels  Values 
ACTIVIDAD  random      13  CH, CM, CMAD, D, ECM, HM, HPT, I, PMML, PMMS, PMT, 
                           PP, PS 
 
 
Analysis of Variance for RITMO CARDIACO, using Adjusted SS for Tests 
 
Source      DF    Seq SS   Adj SS  Adj MS     F      P 
Lag 1        1   5894.44   286.61  286.61  7.01  0.009 
ACTIVIDAD   12   2210.51  2210.51  184.21  4.51  0.000 
Error      153   6255.36  6255.36   40.88 
Total      166  14360.31 
 
 
S = 6.39411   R-Sq = 56.44%   R-Sq(adj) = 52.74% 
 
 
Term         Coef  SE Coef     T      P 
Constant   71.365    7.219  9.89  0.000 
Lag 1     0.21035  0.07945  2.65  0.009 
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            Fig. 5 Normal Probability Plot of Residuals                                               Fig. 6 Test for Equal Variances of Residuals 
This study has an error of ± 9%, compared to traditional work sampling, for job severity level of performed 
activities measured with this new suggested work sampling by heart rate means. Table 7 shows the percentage 
difference between both methods. 
 
Table 4  Level of Activities 
 
   
 
 
 
 
 
A chi-square test was performed to test if the level of job severity predicted by the heart rate method is equal to 
that from the traditional work sampling method. The significance level taken was of 0.05.  Hypothesis: H0: The level 
of job severity from the traditional sampling is equal to the predicted with the heart rate; H1: The level of job severity 
from the traditional sampling is not equal to the predicted with the heart rate. 
Figure 7 shows the obtained p-value of 0.139 > 0.05; therefore there is not sufficient evidence to say that the job 
severity from the traditional sampling is not equal to the predicted sampling with heart rate. The results confirm that 
the proposed work sampling performed in this paper rather than the traditional method. 
4. Allowance 
According to the AHMSA manual[4]  the overall allowance percentage is totalized and grouped in four ranks that 
are: light, moderate, heavy and very heavy; and the percentage of tolerance assigned to each one of them are 10%, 
15%, 20% and 30%, respectively, in normal condition of work (see Table 8). Taking as base reference and relating 
to the job severity obtained for the carpenter, the allowance percentage it can be determined that corresponds to the 
work days. The obtained value was of 11.6 % as it calculates in the Table 9.  
On the other hand using the OIT tables, the total value of allowances percentages is obtained by means of the sum 
of the following factors: personal necessities (5%) + fatigue (4%) + work standing up (2%) + weight lifted and force 
used 5 kg. (1%).  The total percentage results in 12%. This confirms the allowance percentage value previously 
determined and presented in Table 10. 
 
 
 
Job Severity Vo2 (lt/min) Heart Rate 
(beats/min) 
Energy 
Consumption 
(Kcal/min) 
  Light <0.5 <90 <2.5 
Moderate 0.5-1.0 90-110 2.5-5 
 Heavy 1.0-1.5 110-130 5-7.5 
Very Heavy 1.5-2.0 130-150 7.5-10 
Extremely 
Heavy 
>2.0 150-170 >10 
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      Table 5  Job Severity for a Carpenter                                                  Table 6 Job Severity of a Traditional Study vs. Heart Rate 
 
 
On the other hand using the OIT tables, the total value of allowances percentages is obtained by means of the sum 
of the following factors: personal necessities (5%) + fatigue (4%) + work standing up (2%) + weight lifted and force 
used 5 kg. (1%).  The total percentage results in 12%. This confirms the allowance percentage value previously 
determined and presented in Table 10. 
 
Table 7 Percentage Difference between Methods 
          Fig. 7 Chi-square Test 
5. Allowance for other Tasks 
Following the previously mentioned methodology the allowance percentage were determined for three tasks that 
are now described. 
 
a) Cleaning staff. The person is in charge of the cleaning of a building and their activities are: sweeping, 
cleaning handrails, cleaning classrooms, cleaning glasses, cleaning shelves and drink water equipment, 
washing baths and moping. Within these activities the worker has time to rest and eat. His allowance 
percentage obtained from the OIT tables is the sum of: personal necessities (5%) + fatigue (4%) + work 
standing up (2%) + uncomfortable posture (2%) + of weight lifted and force used 5 kg. (1%) + monotonous 
job (2%) = 16%. 
Chi-Square Test: Traditional, Predicted  
 
         Traditional Predicted Total 
    1     146             130    276 
       138.00          138.00 
        0.464           0.464 
 
    2      31              46     77 
        38.50           38.50 
        1.461           1.461 
 
    3       5               6     11 
         5.50            5.50 
        0.045           0.045 
 
Total     182             182    364 
 
Chi-Sq = 3.941, DF = 2, P-Value = 0.139 
Job 
severity 
Code Activity Mean 
Light CM, 
CMAD, D, 
HM, I, 
PMMS, 
PMT, PP 
Go buy wood, 
Carry wood, 
Walking, 
Breakfast, 
Measure, Inactive, 
Cutting wood with 
machine, Grooving 
machine, and Glue 
wood slots  
 
< 90 
Moderate CH, ECM, 
HPT , 
PMML 
Change machine 
tool, Joining cuts 
on wooden base, 
Drill with drill, and 
Wood sanding 
machine 
90-110 
Heavy PS Placing vise 110-130 
Made: AIG                                                       Date: 04/17/2014 
Task: Carpenter                                              Age: 41 years 
Name: Juan                                                     Weight: 90 kg 
Code Activity Heart 
Rate 
Job severity  
Traditional 
study  
Prediction 
with heart 
rate 
CH Change 
machine tool 
85 Moderate Light 
CH Change 
machine tool 
84 Moderate Light 
CH Change 
machine tool 
92 Moderate Moderate 
CH Change 
machine tool 
94 Moderate Moderate 
Job 
Severity 
% 
Allowance 
% Job Severity 
Predicted 
% Allowance 
a b c a b c 
Light 10 0.16 0.00 0.03 1.6 0.0 0.30 
Moderate 15 0.55 0.55 0.92 8.2 8.2 13.8 
Heavy 20 0.29 0.45 0.05 5.8 9.0 1.0 
Total 15.6 17.2 15.1 
OIT 16 17 15 
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b) Online operator. The operator takes the radiator and removes some rods and puts them in a container on a 
conveyor, walks 1 to 2 meters and puts the container in the same shelf where he put the radiator, he returns 
to his workstation. When the rod container is full, it is stored in the same rack as the radiator, when radiator 
rack is filled the operator pulls the rack 20 meters and puts the material in the warehouse area. His 
allowance percentage is obtained from the OIT tables as the sum of: personal necessities (5%) + fatigue 
(4%) + work standing up (2%) + weight lifted and force used 12.5 kg. (4%) + monotonous job (2%) = 17%. 
c) Operator at line end. The operator takes the radiator from the molding machine, labels with a marker to 
assure that the product has all its components, then he puts two covers and takes it to a camera, (walks 1 to 4 
meters) where it is processed, finally the product is left on a monorail to be inspected and packaged. His 
allowance percentage is obtained from the OIT tables as the sum of: personal necessities (5%) + fatigue 
(4%) + work standing up (2%) + weight lifted and force used 7.5 kg. (2%) + monotonous job (2%) =15%. 
                                                                                                                                 Table 9 Allowance percentage for the Carpenter 
Table 8 Allowance from Manual AHMSA 
 
Job 
Severity 
Manual Description % 
Allowance 
Light Develop work that requires the use of 
small tools or lightweight material, 
which may include movements in 
restricted areas. 
10 
Moderate Develop light physical work requiring 
the use of lightweight materials and 
tools; pull or push lightweight 
material, including bending, stretching 
or lifting. 
15 
Heavy Develop moderately heavy work 
requiring the use of tools and 
materials that require considerable 
effort. 
20 
Very 
Heavy 
Develop heavy work requiring the use 
of tools and equipment requiring 
extreme effort. 
30 
  
6. Conclusions 
The methodology proposed in this study allows the determination of the allowance percentage for any activity. 
Because it includes: the person’s physical effort, physiologic and work environment that is reflected in the heart rate 
during the accomplishment of the task.  The values of the four studied activities were practically equal to those 
obtained using the OIT tables. Nonetheless, the proposed method reduces the subjectivity at the moment of selecting 
the factors from the tables. Moreover, it is not necessary to use additional tables to compensate conditions non 
normal to the task. This method also frees the researcher from following the worker, and endangering himself during 
the study. 
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